Abstract
Introduction

50
Polymer based matrix systems are popular in controlled release formulations in terms of hydroxypropyl methylcellulose (HPMC), when drug solubility is pH-independent, the 67 matrices also exhibit pH-independent drug releases profiles [24] . The high molecular weight 68 chemistries are the most widely used polymers in ER matrix formulations, e.g.,
69
METHOCEL TM Premium K (hypromellose 2208, USP) and E (hypromellose 2910, USP).
70
The HPMC substitution type and molecular weight has an effect on the amount of water 71 bound to the polymer [25] . According to Aoki and co-workers [26] , during the initial stage of 72 dissolution, water penetrates into the matrix and usually acts as non-freezing (bound) water.
73
In the next stage, the water content of the matrix increases and freezable water is detected at 74 4 levels that are related to drug release. They also reported that the transport of solutes mainly 75 occurs through the free water and that only little transport occurs through bound water.
76
Yoshioka and coworkers [27] , studied hydrophilic polymeric gelatin gels and claimed that 77 bound water did not participate to any significant effect in the hydration process and that the 78 hydrolysis/water-uptake rate depended mainly on the amount of free water present in the 79 system. Therefore, determining the dynamics and state of water molecules in hydrogels groups of the polymer and shows non-freezing behaviour.
87
Pharmaceutical powders are prone to electrostatic charging because they normally have a 88 high electrical resistance, preventing charge dissipation. Triboelectrification is a phenomenon 89 which refers to electrostatic charge being generated due to the difference in electrical In the present work, three grades of the E chemistry HPMC polymer, and their formulated 99 blends were characterised by triboelectrification, particle sizing and particle morphology.
100
Theophylline release from these polymers were assessed with varying agitation sequences, release was studied and detailed in a previous study [38] . All theophylline-HPMC (E50LV,
217
E4M and E10M) formulations were tested using this developed methodology and it 
276
These experiments were carried out in triplicate. 
300
E chemistry polymers demonstrated different physical properties as summarized in Table 1 .
301
The mean diameter ranged between 72.7 ± 0.2 and 81.9 ± 0.3 µm, which was further showed the smallest size with widest size distribution, the smallest specific surface area and 306 the smoothest surface texture among polymers tested (Table 1) . The E chemistry polymers 307 also had a water content range between 3.4 and 3.7 %w/w. The E chemistry 4:1 drug:HPMC 308 formulations showed that they are robust formulations in terms of tablet hardness (50-76 kN).
309
The rank order breaking force or mechanical strength of the E chemistry HPMC tablet 310 matrices was E10M > E50LV > E4M. 
354
Similarity calculations were not valid for release of theophylline from the E50LV (Table 3) .
355
This was a result of the quick drug release from its matrices thereby not having enough time 
Evaluation of gel strength of HPMC polymer
385
It has been observed that the different HPMC grades show different drug release behaviour.
386
In order to clarify these findings, the rheological properties of the polymers used were 387 determined by oscillatory rheometry. The stiffness and degree of inter-particle interaction 388 were evaluated by stress sweep rheological measurements. Figure 4a shows the yield stress 
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679
Note:
680
Ascending order of agitation is depicted as 5 -30 dpm and is when agitation was increased by 681 5 dpm every time the cylinder containing the drug moved from one vial to the other. Thus, in 682 pH 1.2 agitation was 5 dpm, in pH 2.2 -10 dpm, in pH 5.8 -15 dpm, in pH 6.8 -20 dpm, in 683 pH 7.2 -25 dpm and in pH 7.5 -30 dpm.
684
Descending order of agitation is depicted as 30 -5 dpm and is when agitation was decreased 
